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ABSTRACT
Background and Objective: Sorghum is a major staple in many tropical countries, but its low protein
content limits its nutritional quality. Fortifying sorghum-based foods with protein-rich ingredients and
antioxidant-containing spices can enhance their overall nutritional value. This study aimed to evaluate the
proximate composition, mineral content, and antinutritional factors of flour blends made from fermented
sorghum, pigeon pea, and ginger. Materials and Methods: Raw sorghum, pigeon pea, and ginger were
combined in different ratios and fermented for 96 hours. Changes in pH, titratable acidity, and
temperature were monitored during fermentation. Microbiological analysis was conducted to identify
bacterial and fungal species. Standard analytical methods were used to assess proximate composition,
mineral content, and antinutritional factors in both raw and fermented blends. One-way ANOVA was
applied to analyze the data, and mean separation was performed using Duncan’s New Multiple Range Test
at p#0.05 (SPSS v22). Results: Fermentation decreased pH, increased titratable acidity, and slightly raised
temperature. Bacterial species including Bifidobacterium ramosum, Micrococcus luteus, and lactic acid
bacteria were detected, alongside fungi such as Aspergillus flavus, Aspergillus niger, and Saccharomyces
cerevisiae. Moisture ranged from 15.86 to 21.89%, carbohydrates from 60.23 to 68.48%, and protein
increased up to 13.51% in fortified blends. Fiber and fat contents varied moderately. Fermentation
enhanced calcium, potassium, and selenium levels while significantly reducing antinutritional factors,
including oxalates, tannins, and saponins. Conclusion: Fermentation significantly enhanced the nutritional
quality of sorghum-pigeon pea-ginger flour blends and effectively reduced antinutritional components.
These blends have potential for the development of nutritionally improved cereal-based foods.

KEYWORDS
Sorghum, pigeon pea, ginger, fermentation, nutritional composition, antinutritional factors, proximate
analysis, mineral content

Copyright © 2026 Orekoya et al. This is an open-access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution and reproduction in any medium, provided
the original work is properly cited.

ISSN: 1996-3351 (Print) Received: 06 Mar. 2026
https://doi.org/10.3923/ajbs.2026.79.91 Accepted: 01 Jun. 2026

Published: 30 Jun. 2026
Page 79



Asian J. Biol. Sci., 19 (2): 79-91, 2026

INTRODUCTION
Malnutrition remains a significant global concern, particularly in developing nations with limited dietary
diversity and access to nutrient-rich foods. This research aims to produce nutrient-dense food products
using indigenous crops such as sorghum, pigeon pea, and ginger. The threesome is recognized for their
nutritional benefits, agronomic resilience, and cultural importance in African and Asian diets1. Sorghum
is the fifth most significant cereal crop globally, following rice, wheat, maize, and barley2.

In many tropical and subtropical regions of the world, especially in Africa and Asia, sorghum (Sorghum
bicolor) is one of the most significant cereal crops that are grown and consumed3. Due to its high
carbohydrate content, capacity to withstand harsh weather conditions, and comparatively low production
cost, it provides a significant amount of dietary energy for millions of people4. Additionally, sorghum is
known for its nutritional benefits, providing vital minerals, fiber, protein, B vitamins, and energy5. With uses
in flours, fermented goods like ogi and kunun-zaki, and malted beverages, sorghum is used for its
industrial versatility6. The phytochemicals 3-deoxyanthocyanidins, phenolics, and tannins found in
sorghum are significant because they have anti-obesity, antidiabetic, and antioxidant properties7. These
substances aid in the production of functional foods and the prevention of chronic diseases8.

Pigeon pea (Cajanus cajan) is a drought-resistant legume grown extensively in tropical and subtropical
areas. It supplies micronutrients including calcium, iron, and phosphorus, as well as vital amino acids and
a high protein content9. Due to these nutritious qualities, pigeon peas are a useful component of balanced
meals, especially in areas with limited or prohibitively expensive access to animal protein. Additionally,
pigeon peas benefit soil by fixing nitrogen, increasing fertility and lowering reliance on artificial fertilizers10.
It is also known for its agronomic versatility, since pigeon peas thrive on marginal soils and low rainfall
areas where maize and other grains may perform poorly11. Its capacity to flourish on poor soils, tolerance
to drought, and adaptability to a variety of agroecological settings make it an important component of
sustainable agriculture and food security. The inclusion of antinutritional components, such as oxalates,
tannins, saponin and alkaloids which can lower nutrient digestibility and mineral bioavailability, limits the
use of pigeon peas despite their nutritional advantages12. The nutritional value of meals made from pigeon
peas has been demonstrated to be enhanced by the efficient reduction of these antinutrients using
conventional processing techniques such as soaking, fermentation, germination, and cooking13. Generally,
pigeon peas are an inexpensive, nutrient-dense, biodegradable crop with enormous potential to enhance
human nutrition. Its incorporation in cereal-based goods provides a workable solution for improving
dietary variety and protein deficiencies in underdeveloped nations.

Ginger (Zingiber officinale) has long been used in both traditional medicine and cooking. It contains a lot
of  bioactive  substances,  including  as  shogaol  and  gingerol,  which  have  strong  anti-inflammatory,
anti-nausea, and antioxidant qualities14. Conditions including nausea, indigestion, arthritis, and infections
can all be treated with ginger15. It is used in herbal teas, supplements, cosmetics, and functional meals,
all of which support general health16. Incorporating ginger into cereal-legume blends improves the food
items' sensory profile and therapeutic potential17. Fermentation is stressed as an important
biotechnological step for improving the nutritional and functional properties of cereal-legume products.
The bioavailability of minerals and vitamins, including calcium, iron, and B vitamins, is improved18.
Fermentation also decreases antinutritional substances like as phytic acid and tannins, which normally limit
nutrient absorption19. Fermentation enhances the flavor, texture, and shelf life of food, making it more
appealing and sustainable20.

Sorghum, pigeon pea, and ginger fermented blends present a potential new way to create food products
that are supplemented with probiotics. When sorghum, pigeon pea, and ginger are combined, a
synergistic food composition is produced that balances the proteins and micronutrients from the pigeon
pea, the carbohydrates from the sorghum, and the bioactive compounds from the ginger. The creation
of gluten-free, plant-based, and functional food items is supported by such blending techniques, which
also address protein-energy deficiency and enhance digestibility21.
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Despite  the  nutritional  potential  of  sorghum,  pigeon  pea,  and  ginger,  their  combined use in
fermented  flour  blends  has  not  been  fully  evaluated.  This  study  investigates  the  proximate
composition, mineral content,  and  antinutritional  factors  of  these  blends  to  develop  nutrient-dense, 
functional food products.

MATERIALS AND METHODS
Study duration: The study was carried out from October, 2024 to July, 2025.

Collection of raw materials: Sorghum and ginger were bought at Epe Market in Lagos State, and pigeon
pea was obtained from Benin City in Edo State. These items were sent to Augustine University Ilara-Epe’s
Microbiology Laboratory in a sterile, airtight container.

Processing of sorghum: The sorghum samples were soaked for 48 hrs at room temperature after being
sifted for undesirable elements. The sorghum was then blended and stored for later use in a sterile
container.

Processing of pigeon pea: Pigeon pea samples were sorted for undesirable components before being
soaked for 48 hrs at room temperature. The pigeon peas were then milled and stored in a sterile container
for later use.

Processing of ginger: The ginger samples were cleaned with sterile water and then cut into smaller
pieces. The ginger was then grinded and stored in a sterile container until use.

Sorghum, pigeon pea, and ginger blend formation: The sorghum, pigeon pea, and ginger blends were
combined in varying quantities, as indicated in Table 1. The blends were stored in sterile airtight plastic
containers and labeled A, B, and C, accordingly.

Sorghum, pigeon pea, and ginger blend fermentation: The liquid fermentation technique was used
to ferment the different batches of flour blends for 96 hrs. After 96 hrs of fermentation, the process was
stopped by oven drying at 50 to 60oC.

Microbiological evaluation of sorghum, pigeon pea, and ginger blends: Throughout the fermentation
process, microbiological examinations were performed on every sample, including the raw flour blends.
In triplicate, samples were taken every 24 hrs while the flour blends were fermenting. In order to do serial
dilution, 1 g of each sample was aseptically dissolved in 9 mL of sterile peptone water in test tubes. From
10-1 to 10-5, the blends were serially diluted after being properly mixed. The fungal count was determined
using potato dextrose agar, aerobic bacteria were isolated using nutrient agar, and lactic acid bacteria
were isolated using de Man Rogosa Sharpe agar as the samples fermented. Agar plates containing
nutrients were incubated for 18 to 24 hrs at 32°C, agar plates containing potato dextrose were incubated
for 48 to 72 hrs at 24°C, and agar plates containing de Man Rogosa Sharpe were incubated anaerobically
for 18 to 24 hrs at 32°C.

Table 1: Ratio of blended samples
Sample Sorghum (g) Pigeon pea (g) Ginger (g)
A 1000 0 0
B 800 140 60
C 500 450 50
A:  Sorghum  (1000  g),  B:   Sorghum   (800   g):   Pigeon   pea   (140  g):  Ginger    (60  g)   and   C:   Sorghum   (500  g):  Pigeon  pea
(450 g): Ginger (50 g)
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Physicochemical evaluation of blends of sorghum, pigeon pea, and ginger: The temperature of the
fermenting blends was measured using a mercury bulb thermometer. Every 24 hrs, a thermometer was
put into the substrate to check its temperature22. During fermentation, a glass electrode pHmeter (Hanna
instruments pH 210) was used to measure each sample’s pH. For each fermentation sample, 10 mLs of
liquid were tested. The pH meter’s electrode was dipped into the sample solution after it had been
calibrated using buffer solutions with pH values of 4, 7, and 9. The pH reading was then recorded in
triplicate23. The samples' pH values were recorded at 0, 24, 48, 72, and 96 hrs.

The method24 was used to calculate the fermenting samples' total titratable acid (TTA). Two drops of the
indicator phenolphthalein were added to a beaker containing 10 mL of the fermenting liquid. This was
titrated against 0.1 M Sodium Hydroxide (NaOH) until a permanently pink end point was achieved. The
beginning and final volumes of the titrated NaOH were measured; the difference between the two
volumes represents the volume of NaOH used. The average amount of NaOH used was calculated after
this was done twice more. 

The total titratable acidity was expressed as a percentage (%) of lactic acid, with 1 mL of 0.1 M NaOH
corresponding to 9.008×10G3 g of lactic acid. 

9 mgTTA = Titra value 100

Proximate analysis of blends of sorghum, pigeon pea, and ginger: Standard techniques were used
to ascertain the proximate composition (moisture, ash, crude fiber, fat, carbohydrate, and protein levels)
of the raw and fermented blends of sorghum, pigeon peas, and ginger25.

Antinutrient evaluation of blends of sorghum, pigeon pea, and ginger assessment of oxalates: A
100 mL conical flask was filled with one gram (1 g) of the sample, 50 mL of 1.5N H2SO4G (ammonium
hydroxide) was added, and the mixture was stirred intermittently with a magnetic stirrer for an hour. The
filtrate was then filtered using Whatman filter No. 1, and 25 mL of the filtrate was transferred to another
100 mL conical flask. It was then titrated hot (80 to 90°C) against 0.1M KMNO4 solution until a faint color
developed that lasted for at least 30 sec. Oxalate content was measured in milligrams per gram26.

Alkaloids content determination: In a continuous extraction (Soxhlet) device, the 100 g sample was first
pulverized and then extracted with methanol for 24 hrs. After the extract was filtered, the methanol was
dried by vacuum-evaporating it at 45°C in a rotary evaporator. A portion of this residue was filtered after
being dissolved in 2 N HCl. Ten milliliters of chloroform were used three times to wash one milliliter of this
solution after it had been moved to a separatory funnel. This solution’s pH was brought to neutral using
0.1 N NaOH. After that, this solution was mixed with 5 mL of BCG solution and 5 ml of phosphate buffer.
Shaking the mixture vigorously allowed the complex to form, which was then extracted using 1, 2, 3, and
4 milliliters of chloroform. After being gathered in a 10 mL volumetric flask, the extracts were diluted with
chloroform to volume. Dragen Droff's approach proved the presence of alkaloids. After dissolving a
portion of the extract in diluted HCL and adding two drops of Dragon Drops, a crystalline precipitate
formed, signifying the presence of alkaloids27.

Tannin content determination: The dried material (0.5 g) was extracted for two hours at room
temperature using 50 mL of diethyl ether. The residue was heated for 2 hrs in 100 mL of distilled water,
then allowed to cool before filtering. In a volumetric flask, the extract was concentrated to a volume of
100 mL. The tannin concentration of the extract was evaluated colorimetrically using Folin-Denis reagent,
and by measuring absorbance of the blue complex at 760 nm, with tannic acid solution as a standard
solution28.
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Saponin content determination: The samples were pulverized, 20 g of each was added to a conical flask
along with 100 cm3 of 20% aqueous ethanol. The samples were immersed in a hot water bath for four
hours, with constant stirring at approximately 55°C. When the mixture was filtered, additional 200 mL of
20% ethanol were used to remove the residue. At approximately 90°C, the mixed extracts were reduced
to 40 mL over a water bath. The concentrate was decanted into a 250 mL separating funnel, followed by
the addition of 20 mL of diethyl ether and a vigorous shake. The ether was later disposed of, but the
aqueous layer was recovered. The procedure of purification was repeated. Then, 60 mL of n-butanol was
added. Ten millilitres of 5% aqueous sodium chloride were used to wash the mixed butanol extracts twice.
The residual mixture was heated in a water bath. Following evaporation, the sample was oven-dried to a
consistent weight, and the amount of saponin was determined29:

Initial weight -Final weight of sampleSaponin = ×100Initial weight

Statistical evaluation: One-way Analysis of Variance (ANOVA) was used to analyze the data from the
various analyses, and Duncan's New Multiple Range Test was used to distinguish the mean of the results
at p#0.05 level of significance (SPSS version 22).

RESULTS
Temperature changes: During the fermentation of sorghum, pigeon pea, and ginger, the samples'
temperatures slightly increased from a range of 28.5 to 29.5°C at 0 hrs to 32°C at 96 hrs. This is depicted
in Fig. 1.

pH changes: Figure 2 illustrates the pH changes during fermentation of sorghum, pigeon pea, and ginger
blends. During the fermentation process, the samples' pH reduced from 5.5 to 5.6 at 0 hrs to 4.5 to 4.7
at 96 hrs.

Fig. 1: Temperature changes during the fermentation of sorghum, pigeon pea, and ginger blends
A: Sorghum (100%) B: Sorghum (80%): Pigeon pea (14%): Ginger (6%) C: Sorghum (50%): Pigeon pea (45%): Ginger (5%)
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Fig. 2: pH changes during fermentation of sorghum, pigeon pea, and ginger blends
A:  Sorghum  (100%)  B:  Sorghum  (80%):  Pigeon  pea  (14%):  Ginger  (6%)  C:  Sorghum  (50%):  Pigeon  pea  (45%):
Ginger (5%)

Fig. 3: Total  titratable  acidity  changes  during  fermentation  of  sorghum,  pigeon  pea,  and  ginger
blends
A:  Sorghum  (100%)  B:  Sorghum  (80%):  Pigeon  pea  (14%):  Ginger  (6%)  C:  Sorghum  (50%):  Pigeon  pea  (45%):
Ginger (5%)
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Table 2: Bacterial load changes during fermentation of sorghum, pigeon peas, and ginger blends
Sample 0 hr 24 hrs 48 hrs 72 hrs 96 hrs
A 1.03±0.01a 2.32±0.01c 2.96±0.01c 2.24±0.01c 7.50±0.10b

B 9.90±0.10b 1.32±0.01a 1.75±0.01a 1.02±0.02a 5.10±0.10a

C 9.70±0.10b 1.60±0.01b 2.31±0.01b 1.57±0.01b 9.60±0.10c

Values are Means±Standard Deviations of three replicates values not followed by the same superscript in the same column are
significantly different (p#0.05), A: Sorghum (100%) B: Sorghum (80%): Pigeon pea (14%): Ginger (6%) C: Sorghum (50%): Pigeon pea
(45%): Ginger (5%)

Table 3: Changes in lactic acid bacteria count during fermentation of sorghum, pigeon pea, and ginger blends
Sample 0 hr 24 hrs 48 hrs 72 hrs 96 hrs
A 2.00±0.10a 1.30±0.10a 2.70±0.10a 3.20±0.10a 3.60±0.10a

B 6.00±0.10c 2.30±0.10c 4.80±0.10c 4.90±0.10b 5.20±0.10b

C 3.00±0.10b 1.80±0.10b 4.40±0.10b 4.90±0.10b 5.00±0.10b

Values are Means±Standard Deviations of three replicates values not followed by the same superscript in the same column are
significantly different (p#0.05), A: Sorghum (100%) B: Sorghum (80%): Pigeon pea (14%): Ginger (6%) C: Sorghum (50%): Pigeon pea
(45%): Ginger (5%)

Table 4: Fungi load during fermentation of sorghum, pigeon pea, and ginger blends
Sample 0 hr 24 hrs 48 hrs 72 hrs 96 hrs
A 1.00±0.10a 3.00±0.10b 7.00±0.10b 9.00±0.10c 6.00±0.10c

B 4.00±0.10b 5.00±0.10c 7.00±0.10b 8.00±0.10b 5.00±0.10b

C 7.00±0.10c 1.40±0.10a 1.90±0.10a 2.40±0.10a 1.70±0.10a

Values are Means±Standard Deviations of three replicates values not followed by the same superscript in the same column are
significantly different (p#0.05), A: Sorghum (100%) B: Sorghum (80%): Pigeon pea (14%): Ginger (6%) C: Sorghum (50%): Pigeon pea
45%): Ginger (5%)

Total titratable acidity changes: The samples' total titratable acidity increased from a range of 2.88 to
4.32 at  0  hrs  to  8.73  to  a  range  of  13.23  at  96  hrs  during  the  fermentation  process. This is shown
in Fig. 3.

The samples' bacterial load first increased between 0 and 48 hrs, then decreased between 72 and 96 hrs.
Table 2 illustrates this. The lactic acid bacterial load in the samples increased gradually from zero to 96
hrs. This is illustrated in Table 3. The samples' fungal load first increased between 0 and 72 hrs, then
decreased after 96 hrs. This is represented in Table 4.

Paenarthrobacter ilicis, Enterococcus rotai, Liquorilactobacillus sicerae, Limosilactobacillus gastricus,
Ligilactobacillus ruminis, Bifidobacterium ramosum, Micrococcus luteus, and Staphylococcus epidermidis are
among the eight (8) microorganisms that were conventionally isolated and identified during the
fermentation of sorghum, pigeon pea, and ginger blends. Table 5 displays the features of the organisms.

Sorghum, pigeon pea, and ginger blends' proximate composition: Table 6 shows the proximate
composition of sorghum, pigeon pea and ginger blends. It was observed that the moisture contents of
the raw samples ranged from 15.86±0.04 to 19.07±0.03, whereas those of the fermented samples ranged
from 20.88±0.02 to 21.89±0.20.

The ash contents of the raw samples ranged from 1.14±0.04 to 1.51±0.02, whereas the ash contents of
the fermented samples ranged from 1.12±0.05 to 1.47±0.02.

Furthermore, the fat contents of the raw samples ranged from 3.48±0.02 to 6.19±0.04, whereas the
fermented samples ranged from 2.21±0.03 to 4.67±0.02.

The fibre contents of the raw samples ranged from 2.55±0.02 to 3.00±0.04, whereas the fermented
samples ranged from 1.97±0.06 to 2.37±0.02.
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Table 7: Analysis of the anti-nutrient composition of flour blends made from sorghum, pigeon peas, and ginger
Sample Oxalate (mg/g) Tannin (mg/g) Saponin (mg/g) Alkaloids (mg/g)
RSOA 0.73±0.01f 3.85±1.00b 11.28±1.00c 4.92±1.00c

RSOB 0.66±0.01e 2.97±1.00ab 8.94±1.00bc 4.33±1.00bc

RSOC 0.51±0.01c 2.11±1.00ab 7.31±1.00ab 3.75±1.00abc

FSOA 0.54±0.02d 3.02±1.00ab 9.13±1.00bc 3.56±1.00abc

FSOB 0.31±0.01b 2.24±1.00ab 6.81±1.00ab 2.05±1.00ab

FSOC 0.19±0.01a 1.07±1.00a 4.90±1.00a 1.55±1.00a

Values are Means±Standard Deviations of three replicates values not followed by the same superscript in the same column are
significantly different (p#0.05), RSOA: Raw blends of Sorghum (100%) RSOB:  Raw  blends  of  Sorghum  (80%):  Pigeon  pea (16%):
Ginger  (4%)  RSOC:  Raw  blends  of  Sorghum  (50%):  Pigeon  pea  (45%):  Ginger (5%) FSOA: Fermented blends of Sorghum (100%)
FSOB: Fermented blends of Sorghum (80%): Pigeon pea (16%): Ginger (4%) FSOC: Fermented blends of Sorghum (50%): Pigeon pea
(45%): Ginger (5%)

The raw samples had higher protein contents, ranging from 6.12±0.03 to 13.51±0.03, whereas the
fermented samples had lower protein contents, ranging from 4.81±0.11 to 10.03±0.02.

The carbohydrate contents of the fermented samples ranged from 60.69±0.02 to 68.48±0.02, whereas the
raw samples ranged from 60.23±0.03 to 67.85±0.08.

The analysis of the anti-nutrient composition of flour blends made from sorghum, pigeon peas, and ginger
is represented in Table 7. The oxalate contents of the fermented samples ranged from 0.19±0.01 to
0.54±0.02, whereas the oxalate concentrations of the raw samples ranged from 0.51±0.01 to 0.73±0.01.
The saponin contents of the fermented samples ranged from 4.90±1.00 to 9.13±1.00, whereas the raw
samples ranged from 7.31±1.00 to 11.28±1.00.

The alkaloid contents of the fermented samples ranged from 1.55±1.00 to 3.56±1.00, whereas those of
the raw samples ranged from 3.75±1.00 to 4.92±1.00.

The tannin contents of the fermented samples ranged from 1.07±1.00 to 3.02±1.00, whereas the tannin
contents of the raw samples ranged from 2.11±1.00 to 3.85±1.00.

DISCUSSION
The study's findings demonstrated a dynamic microbial evolution during the sorghum, pigeon pea, and
ginger blends' fermentation phase. The samples' microbial load first increased between 0 and 48 hrs
noticeably, indicating an active phase of microbial proliferation. Numerous bacteria, especially lactic acid
bacteria (LAB), which thrive in nutrient-rich settings, usually proliferate quickly during this early stage.
Numerous bacteria, especially lactic acid bacteria (LAB), which flourish in nutrient-rich media, usually
proliferate quickly during this early stage. The rise in microbial population at this point indicates ideal
growth conditions, such as accessible carbohydrates, a pH that is mild, and enough oxygen for facultative
anaerobes30. However, between 72 and 96 hrs, the bacterial load decreased significantly. The decline can
be ascribed to depletion of fermentable substrates and increase of fermentation by-products, including 
organic acids31. Bacteria metabolize resources, reducing the pH and increasing total titratable acidity
(TTA)32. This creates a hostile environment for non-acidophilic microbes. The acidic environment restricts
the growth of spoilage organisms and promotes the survival of acid-tolerant species, including some LAB
strains33. Additional findings showed a strong correlation between an increase in the viable cell count of
LAB and a decrease in pH. Since they can flourish in low-pH conditions, these organisms are known to
dominate fermentation ecosystems, and their growth greatly enhances the safety and shelf-life of
fermented products34. They significantly increase the blends' microbiological stability by reducing
pathogenic and spoilage bacteria through acidity. 

In addition to microbial changes, the fermentation technique increased the nutritional content of the
blends.  Proteins  were  discovered  to  be  among  the  vital  nutrients  that  increased  as  a  result of
fermentation.  This  improvement  is  partially  caused  by  complex  substances  being  broken  down  into
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simpler, easier-to-digest forms by enzymes. Concurrently, antinutritional elements such alkaloids, oxalates,
tannins, and saponins were greatly diminished after fermentation of the blends. By reducing these
substances through microbial enzymatic activity, the nutritional profile of the fermented products is
further enhanced. These antinutritional compounds usually impede the absorption and digestion of
nutrients35. The fermented samples' decreased ash, fibre, and ether concentrations when compared to the
raw blends are comparable to the outcomes of Ojokoh et al.36 fermentation of cowpea and sorghum
blends. Microbial activity and the breakdown of complex chemicals are the main causes of reductions in
ash, fibre, and ether content during fermentation37. 

Similar to the findings of Ojokoh et al.36 during the fermentation of sorghum and cowpea blends, the
antinutrient levels, tannin, saponin, and oxalates were likewise significantly lower in the fermented blends
compared to the raw blends. Alkaloids, tannins, saponins, and oxalates can be reduced by fermentation
for a variety of reasons, including microbial activity that breaks down complex molecules, changes in pH
and solubility, and the possibility that fermenting microorganisms will use these compounds for their own
growth38. Generally, the fermentation process not only changed the microbial community of the blends
but also significantly increased their nutritional content and decreased their anti-nutritional components,
making the finished product safer, more stable, and more nutritious.

CONCLUSION
This study shows that fermenting blends of sorghum, pigeon pea, and ginger greatly improves their
nutritious value. Through the microbial degradation of complicated chemicals into more digestible forms,
fermentation increased the bioavailability and concentration of proximate constituents, such as
carbohydrates. Also, it improved nutrient absorption by lowering antinutritional components such
oxalates, tannins, saponins, and alkaloids.

These advancements are especially pertinent to the fight against micronutrient deficiencies and protein-
energy malnutrition, which are common in developing nations, particularly among vulnerable populations.
The inclusion of ginger adds functional benefits due to its antioxidant, anti-inflammatory, and
antimicrobial properties. Furthermore, fermentation increased microbiological safety by reducing pH and
increasing organic acid synthesis. Generally, fermented blends are an economical, culturally acceptable
nutritional mediation capable of increasing dietary quality and promoting food security in resource-
constrained environments.

SIGNIFICANCE STATEMENT
This study evaluates the proximate composition and antinutritional contents of flour blends prepared from
fermented sorghum and enriched with pigeon pea and ginger to improve the nutritious value of cereal-
based products. Despite being commonly ingested, sorghum is limited by low protein quality and the
presence of antinutritional chemicals, making the research important. Pigeon pea enrichment boosts
protein  content,  while  ginger  adds  bioactive  substances  with  possible  health  benefits.  Fermentation
increases the bioavailability of nutrients and further lowers antinutritional factors. The results from this
research will offer scientific proof for creating reasonably priced, nutrient-rich composite flours that are
appropriate for supplementary diets and functional foods. As a result, this study promotes greater food
utilization, better nutritional outcomes, and the development of value-added products from locally
accessible crops. 
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